During collective movement, bolder individuals often emerge as leaders. Here, we investigate whether this reflects a greater propensity of bold individuals to initiate movement, or a preference for shy individuals to follow a bolder leader. We set up trios of stickleback fish comprising a focal individual who was either bold or shy, and one other individual of each personality. We then recorded the movements of all individuals in and out of cover in a foraging context to determine how assiduously the focal fish followed the movements of each other partner. We found that a shy focal fish preferred to follow a leader whose personality matched its own, but we did not detect such a difference in bold fish. Despite this preference, however, the greater propensity of bold individuals to initiate movements out of cover meant that they successfully led more joint trips. Thus, when offered a choice of leaders, sticklebacks prefer to follow individuals whose personality matches their own, but bolder individuals may, nevertheless, be able to impose their leadership, even among shy followers, simply through greater effort.
Introduction
In collective movement, leadership is often correlated with personality [1] . Notably, bold individuals are more likely to lead, and shy individuals to follow [2] [3] [4] . At first glance, this might suggest that bolder individuals are more willing to initiate movement [5] [6] [7] . However, it is unclear to what extent leadership reflects the choices of leaders versus those of followers. To successfully lead a group, one individual must first initiate a movement, and then be followed by others. Consequently, leadership might reflect either leader effort or follower preference.
Moreover, when individuals can choose whom to follow among group members with different personalities, it is far from clear that they should always favour bolder leaders. Similarity in personality may instead be more important for group dynamics. Individuals with similar personality are more likely to share similar physiological states [8] and life-history traits [9] , thus making the actions of similar individuals more relevant to the potential follower with less conflict. Intriguingly, in studies on decision-making in humans, individuals are more susceptible to the opinions of similar others [10] , but we do not know if this is also the case in other animals.
In this study, we used small groups of three-spined sticklebacks (Gasterosteus aculeatus) to study the interaction between leader and follower personality. Specifically, we asked whether, within a heterogeneous group, focal individuals preferentially follow bolder group members or those of similar personality, and whether these preferences determine who emerges as a leader within the group.
Methods
From individual boldness scores (the proportion of time out of cover when alone in the experimental tank), we created groups of three individuals made up of either a bold focal fish with a bold and a shy partner (19 trios), or a shy focal fish with a bold and a shy partner (18 trios). Fish with a boldness score greater than 0.3 were classed as 'bold', otherwise 'shy'. Variance in personality scores did not differ between bold and shy fish (F-test for the equal variance, p ¼ 0.157). Individuals were matched so that, within each trio, the difference in boldness score between bold and shy individuals was greater than 0.25, and between individuals of similar personality smaller than 0.05. Detailed information on animal maintenance and boldness assessment are found in the electronic supplementary material.
The experimental tank was covered with opaque plastic and lined with gravel to create a slope (2-12 cm water depth), and partitioned lengthwise into three long lanes by transparent plastic barriers (90 Â 10 cm each) so that fish could see each other. Plastic plants were placed at the deep end of each lane, and a white plastic feeding tile (1.5 cm 2 ) was placed at the other end. A vertical white plastic screen (8 Â 8 cm) in front of each feeding tile prevented fish from seeing food from the deep end. Each fish was randomly put in each lane of an experimental tank, with the focal in the middle. After 5 min of acclimation, we recorded their movements for 2 h. The experiment was conducted over 2 days for each trio, swapping the two fish in the side lanes on the second day. Fish were not re-used in multiple trios.
From the video, the times when each individual left or returned to cover were recorded, and the trio was categorized at any given time as one of eight possible 'states' (figure 1). The rates of switching between states (i.e. transition rate from state i to state j, q ij ) were estimated by fitting a continuous-time Markov model ('msm' v. 1.2 [11] in R). To assess whether focal fish preferred to follow one partner over another, we used a likelihood ratio test to compare the fit of the model in which each fish's transition intensities were allowed to vary only with its own boldness score as a covariate (thus ruling out any discrimination by the focal fish between its two partners according to their personality similarity), to the alternative model in which partner's personality (matched or mismatched) was additionally included as a covariate (thus allowing for the focal's 'preference' for one partner over another). We further compared transition intensities within a given model by bootstrapping (10 000 repeats). Lastly, we investigated how many times focal fish actually followed each partner by fitting a generalized linear mixed-effects model to the number of following events, specifying a negative binomial error distribution with a log link and trio identity as a random effect ('glmmADMB' v. 0.8.3.3 [12] in R).
Results
We found that a model in which the focal individual could distinguish between and respond differently to the other two partners, according to whether or not its personality matched theirs, gave a better fit to the data than a simpler model in which each individual's movements reflected only its own boldness score as a covariate (x 2 3 ¼ 16:0, p ¼ 0.001). This shows that fish follow partners differently depending on their personality similarity, so we continued our analysis by fitting separate models for bold and shy focal fish.
Shy focals (figure 2a) were more likely to leave cover when either partner was already out compared with when both partners were under cover (q 13 , q 47 , q 13 , q 25 , p , 0.001), but the presence of a matched partner out of cover led to a higher propensity to join compared with a mismatched partner (q 25 , q 47 , p , 0.001). Shy focals were more likely to leave cover when both partners were out of cover compared with when just a mismatched partner was out of cover (q 47 , q 68 , p , 0.001), but not when just a matched partner was out of cover (q 25 ¼ q 68 , p ¼ 0.059). That is, the presence of a mismatched partner out of cover did not increase the focal's tendency to leave when a matched partner is already out of cover.
Bold focals showed similar responses, but the trend was weaker (figure 2b). A bold focal was more likely to leave cover when a matched partner was already out compared with when both partners were under cover (q 13 , q 25 , p , 0.001). The effect of a mismatched partner was intermediate, giving nonsignificant differences (q 13 ¼ q 47 , p ¼ 0.067; q 25 ¼ q 47 , p ¼ 0.471). Compared with when either partner was already out of cover alone, having both partners out did not affect the tendency to leave cover (q 25 ¼ q 68 , p ¼ 0.151; q 47 ¼ q 68 , p ¼ 0.082).
Despite the preferences described above, bold partners always led more joint trips than did shy partners, regardless of whether the focal fish was bold or shy, owing to their stronger tendency to leave cover. A shy focal fish followed the bold partner 5.1 + 0.5 times (mean + s.e.), whereas it followed the shy partner 2.5 + 0.3 times (likelihood ratio test, x 2 1 ¼ 14:2, p , 0.001). Similarly, a bold focal fish followed the bold partner 4.8 + 0.6 times, whereas it followed the shy partner 1.9 + 0.3 times (x 2 1 ¼ 17:7, p , 0.001).
Discussion
This is the first study that demonstrates an influence of personality similarity on choice between potential leaders. When stickleback fish were grouped with two partners of different personalities, they were more likely to follow the partner of similar personality out of cover. Both bold and shy fish showed the same trend, but it was more pronounced in shy fish. The weaker trend in bold fish may have resulted from their own strong tendency to leave cover, which might obscure any preference for one potential leader over another. In line with this suggestion, previous work has shown that both bold and shy fish increased their tendency to follow when rewarded for doing so, but that bold fish were rsbl.royalsocietypublishing.org Biol. Lett. 12: 20160207 unable to suppress their tendency to initiate trips even in the absence of reward [7] . Our previous work on stickleback pairs found that in a group of two, leader and follower roles were more pronounced the greater the difference in personality between the fish [2] . In that simple setting, where there was no possibility of choice between alternative leaders, shyer fish were actually more likely to follow a bolder partner. Our current results, by contrast, suggest that as soon as such choice becomes possible, even in a group of three, individuals show a preference for partners of similar personality, and the preference was stronger in shy individuals. We speculate that in larger groups, this tendency might lead to formation of sub-groups of similar individuals that associate preferentially with one another. Empirical studies suggest that personality heterogeneity may often enhance the performance of a group [13, 14] . But the kind of assortment we observed here might potentially counteract this effect by leading to group fission when personality differences become too great, just as preferential association between individuals of the same sex can lead to group breakup through sexual segregation [15] .
Our current findings also suggest that, while bolder individuals are more likely to emerge as leaders [2] [3] [4] , this may not always reflect a preference on the part of followers. Instead, in our study, bold partners were followed more often than shy partners despite the preference of a shy focal fish for a leader of similar personality, simply because they initiated more trips. It appears that differences in the propensity of bold and shy individuals to initiate movement can overwhelm the preferences of followers, even when the latter opposes the former. We therefore suggest that, just as variation in male courtship intensity may obscure female preference in studies of mate choice [16] , future investigations of leadership will need to beware the possibility that variation in leader effort can mask follower preference.
In summary, our results suggest that the personalities of group members can interact in complex ways to determine the emergence of social roles, beyond the simple view that the bold lead and the shy follow. Future work will have to take into account both leader effort and follower choice, and how these two factors relate to personality.
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